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(57) Abstract 

This invention is directed to lithium disilicate 
(LiaSiaOs) based glass-ceramics comprising silica, 
lithium oxide, alumina, potassium oxide and phos- 
phorus pentoxide. The glass-ceramics are useful in 
the fabrication of single and multi-unit dental restora- 
tions (e.g. anterior bridges) made by heat pressing into 
refractory investment molds produced using lost wax 
techniques. The glass-ceramics have good pressabil- 
ity, i.e.. the ability to be fomied into dental articles 
by heat-pressing using commercially available equip- 
ment. In accordance with one embodiment directed 
to the process of making the glass-ceramics, the com- 
positions herein are melted at about 1200° to about 
1600 'C, thereafter quenched (e.g., water quenched 
or roller quenched) or cast into steel molds, or alter- 
nately, cooled to the crystallization temperature. The 
resulting glass is heat-treated to form a glass--ceramic 
via a one or two step heat-treatment cycle preferably 
in the temperature range of about W to about 1 100 
*C. The resulting glass ceramics are then pulverized 
into powder and used to form pressable pellets and/or 
blanks of desired shapes, sizes and structures which 
are later pressed into dental restorations. 
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PRESSABLE LITHIUM DISILICATE GLASS CERAMICS 

FIELD OF INVENTION 

This invention relates generally to glass-ceramics comprising lithium disihcate 
and more specifically to glass-ceramics for use in the manufacture of dental 
restorations and methods of manufacture thereof 

5 

BACKGROUND OF THE INVENTION 

The use of hthium disilicate glass ceramics for use in dental restorations has 
been suggested in the prior art. U.S. Patent No. 4,189,325 to Barret et al. is directed 
to a glass- ceramic comprising hthium disilicate for use in dental restorations. The 
10 glass ceramic requires the presence of NbjOj and Pt as nucleation agents. Barrett et 
al. introduced dental restorations made from castable lithium disilicate glass-ceramics 
in the LijO-CaO-AljOa-SiOx system nucleated by Pt and NbsOs. According to Barret 
et al., dental restorations are made by casting a melt into an investment mold, and 
devitrifying thereafter. 

15 U.S. Patent No. 4,515,634 to Wu et al. is directed to a castable glass-ceramic 

composition wherein the glass is melted and cast into a shape and is crystallized after 
it has been shaped. Therefore, the crystallization process is performed by the 
technician making the restoration, not the manufacturer of the dental material. Wu set 
al. suggests one way to improve properties of castable lithium disilicate dental 



wo 00/34196 PCT/US99/29260 

2 

restorations within the same LijO-CaO-AljOj-SiOj system as described by Barrett et 
al. is by utihzation of PjOj as a nucleating agent. Both Barrett et al. and Wu et al. 
describe castable compositions having CaO as an essential ingredient believed to 
improve chemical durability of the resulting glass-ceramics. Chemical durability is 

5 one of the major issues that the Wu and Barrett inventions fail to address. For 
example, total alkali leaching rates for materials presented in Wu's examples were 
four to five times higher than those for commercial dental porcelain. 

Castable dental ceramics as described in Barret et al. and Wu et al. employ 
melting glass ingots supplied by a manufacturer and casting dental articles into a 

10 refractory investment mold. Following the casting process, the cast articles are 
devitrified (crystallized) by the required heat-treatment steps. This process is very 
similar to casting metals whereby a heat-treatment step follows the casting process to 
increase hardness and strength. 

U.S. Patent Nos. 5,507,981 and 5,702,514 to Petticrew teach lithium disihcate 

15 compositions for use in dental restorations, but the method described therein implies 
forming glass into the shape of a dental restoration at temperatures much higher than 
the melting temperature of lithium disilicate and heat-treating the dental restoration 
after forming to convert the glass into a glass-ceramic. 

German Patent AppUcation No. DE19647739 to Schweiger et al. is directed to 

20 lithium disilicate compositions for use in dental restorations. The glass-ceramic 
bodies or blanks used to press dental restorations are defined as "sinterable glass 
ceramics" which are produced fi-om the starting amorphous glass powder by 
simultaneous sintering and powder crystallizing, which process is also known as 
surface crystallization. The glass must be in powder form to be crystallized. 

25 Additionally, the lithium disilicate compositions therein require the presence of 
LajOj, MgO and ZnO. 

Many of the lithium disilicate compositions in the prior art require casting of 
the glass into the desired shape and crystallizing thereafter. The glass must be formed 
into the finally desired shape and thereafter heat treated to crystallize into a lithium 

30 disilicate phase. This may result in structural and other problems, since the 
microstructure is not formed by the dental materials manufacturer, but by the 
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technician fabricating the dental restoration. Oveiprocessing by a technician may 
change the microstructure of the material to something not preferred or desired by the 
dental materials manufacturer. Moreover, some of the prior art compositions require 
the forming of the glass ceramics by surface crystallization, limiting the forming and 

5 compositional possibilities of the material. 

It is desirable to provide a lithium disilicate glass-ceramic v^hich is pressable 
after the lithium disilicate is formed. It is beneficial to provide a lithium disilicate 
glass ceramic for use in the fabrication of dental restorations wherein crystallization is 
carried out by the dental materials manufacturer in the most controlled manner. It is 

10 beneficial to provide translucent lithium disilicate glass ceramics having high strength 
and good presssability. 



SUMMARY OF THE INVENTION 

This invention is directed to lithium disilicate (LizSijOj) based glass-ceramics 

15 comprising silica, lithium oxide, alumina, potassium oxide and phosphorus pentoxide 
in addition to other components listed below. The glass-ceramics are useful in the 
fabrication of single and muhi-unit dental restorations including but not limited to 
orthodontic appliances, bridges, space maintainers, tooth replacement appliances, 
splints, crowns, partial crowns, dentures, posts, teeth, jackets, inlays, onlays, facing, 

20 veneers, facets, implants, abutments, cylinders, and connectors made by heat pressing 
into refractory investment molds produced using lost wax techniques. The glass- 
ceramics have good pressability, i.e., the abiUty to be formed into dental articles by 
heat pressing, also known as hot pressing, or injection molding, using commercially 
available equipment. 

25 In accordance with one embodiment directed to the process of making the 

glass-ceramics, the compositions herein are melted at about 1200** to about 1600°C 
and preferably in the range of about 1300'* to about 1400°C for a period of time, 
preferably for about 4 hours and thereafter quenched (e.g., water quenched or roller 
quenched) or cast into steel molds, or alternately, cooled to the crystallization 

30 temperature. 

The resulting glass is heat-treated to form a glass-ceramic via a one or two 
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Step heat-treatment cycle preferably in the temperature range of about 400° to about 
1 1 00 ''C. This crystallization heat treatment may comprise a nucleation step and a 
crystal growth step. Depending on the composition, the first, nucleation step, may be 
carried out in the range of about 450**C to about 700°C and preferably in the range of 

5 about 500**C to about 650^*0 for about 0.5 to about 4 hours and the second, crystal 
growth step, may be carried out in the range of about 800**C to about 1000**C and 
preferably in the range of about 830^C to about 930*C for about 0.5 to about 48 hours. 
The most preferable heat treatment comprises about a one hour soak at about 645 °C 
and a subsequent four hour soak at about 850°C. 

10 The resultmg glass ceramics are then pulverized into powder and used to form 

pressable pellets and/or blanks of desired shapes, sizes and structures. Additives may 
be mixed with the powder prior to forming into pellets or blanks. These pellets and 
blanks may be used for pressing cores or other frameworks or shapes for dental 
restorations. The blank or pellet may be subjected to viscous deformation at a 

15 temperature in the range of about 800° to about 1200°C, and more preferably in the 
range of about 850° to about 950°C, and most preferably at less than about 930 °C, 
under vacuum and with the application of pressure of between about 2 to about 8 bar 
(0.2 to 0.8 MPa) and preferably no greater than about 6 bar (0.6 MPa) to obtain a 
dental restoration. Moreover, it is possible that the blanks may be machined to a 

20 dental restoration of desired geometry. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Features of the present invention are disclosed in the accompanying drawing, 
wherein: 

25 Figure 1 is perspective view of a plunger system in a pressing furnace for use 

in the fabrication of dental restorations in accordance with the invention. 



DESCRIPTION OF THE INVENTION 

As will be appreciated, the present invention provides glass-ceramic 
30 compositions comprising a glassy matrix and lithium disilicate (LijSijOs). The glass- 
ceramics are useful for the fabrication of dental restorations. The compositions of the 
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lithium disilicate glass-ceramics comprise inter alia, silica, lithium oxide, alumina, 
potassium oxide and phosphorus pentoxide in the ranges given in Table 1 below. The 
glass-ceramic compositions of the invention have a combination of properties useful 
for dental restorations. The glass-ceramics have good pressability, i.e., the ability to 

5 be formed into dental articles by heat pressing, also known as hot pressing, or 
injection molding, using commercially available equipment. 

Pressable ceramics employ some form of hot-pressing or injection-molding of 
the glass-ceramic materials, which are typically in the form of pellets. The pellets 
contain one or more crystalline phases and their morphology as well as volume 

10 fraction are not significantly ahered in the course of pressing. One reason for this is 
that the pressing temperature is typically lower than the melting temperature of the 
crystalline phases. This is a major advantage because microstructure is formed in the 
controlled conditions by the manufacturer of the glass-ceramic materials, e.g., pellets. 
Following pressing, the resulting dental article does not require crystallization heat- 

15 treatment. 

The glass-ceramic pellets can be formed by a number of processes: (1) Glass 
can be cast into the shape of pellet. Pellets are taken from the mold and crystallized. 
These pellets can not be shaded by the addition of pigments. (2) Glass can be 
crystallized in bulk and subsequently milled into powder. Pigments and other 

20 additives can be added to the powder. The powder is formed into a pellet and partially 
or fully sintered. Pigments, if added, create color centers that impart a certain color to 
a translucent body of the dental article pressed from the pellet. The mechanism of 
crystallization in the two processes described above is volume crystallization. 

Alternatively, surface crystallization may be utilized to crystallize a portion of 

25 the glass into one or more crystal phases. This involves milling glass into powder. 
Pigments and other additives can be added to the powder. This glass powder 
(amorphous, not crystalline) is formed into a pellet. The glass pellet is sintered and 
crystallized in the same firing cycle. Not all glass-ceramic materials can be 
crystallized and sintered simultaneously. Only certain materials and compositions 

30 prone to surface crystallization can be processed this way. The glass-ceramics 
processed from glass powder via simultaneous sintering and crystallization are 
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sometimes called "sintered" glass-ceramics. Another term that can be used is 
"sinterable" glass-ceramics. 

The compositions herein are prepared by mixing, in the desired proportions, 
the oxides and/or compounds that decompose to form the oxides, followed by fusing 
5 the ingredients to obtain the compositions in Table 1 (ranges in Table 1 are 

approxiarate). Convenient raw material include lithium carbonate, silica, alumina, 
carbonates of K, Na, Ca, anmioniura phosphate, tricalcium aluminate, aluminum 
phosphate or aluminum metaphosphate and if necessary, Ta205, CeOj, Tb407, 
titanium dioxide, and zirconium dioxide. 



10 

Table 1 





Oxide 


Range 1 


Range 2 


Range 3 


Range 4 


Range 5 


Range 6 




SiOj 


62 to 85 


64 to 70 


62-85 


64-70 


64 to 70 


62 to 76 




BA 


0 to 4.9 


0- 2.7 


0-4.9 


0-2.7 


0.5- 3.0 


0- 5 


15 


Al,03 


1,5 to 10 


1.5 to 6.0 


5.M0 


5.2-9.0 


1.5 to 6.0 


1.5 to 10 




F 


Oto 1.5 


Oto 1.5 


Oto 1.5 


Oto 1.5 


Oto 1.5 


Oto 1.5 




ZnO 


Oto 5 


Oto 2 


0-5 


0-2 




Oto 5 




CaO 


Oto 7 


Oto 0.9 


0-7 


0-0.9 


0 to 0.9 


Oto 7 




MgO 


Oto 2 


Oto 2 


Oto 2 


Oto 2 




Oto 2 


20 


BaO 


Oto 7 


Oto 7 


Oto 7 


Oto 7 


Oto 7 


Oto 7 




SrO 


Oto 1 


Oto 1 


Oto 1 


Oto 1 


Oto 1 


Oto 1 




CsjO 


Oto 5 


Oto 5 


Oto 5 


Oto 5 


Oto 5 


Oto 5 




LijO 


8 to t9 


10 to 15 


8-19 


10-15 


10 to 15 


8 to 19 




KjO 


2.5 to 7 


2.5 to 5 


0-7 


0-5 


2.2 to 5 


Oto 7 


25 


Nap 


Oto 5 


Oto 3 


0-5 


0-3 


0.5 to 3 


Oto 5 




TiOj 


Oto 2 


Oto 2 


Oto 2 


Oto 2 


Oto 2 


Oto 2 




ZrO^ 


Oto 3 


Oto 3 


Oto 3 


Oto 3 


Oto 3 


Oto 3 






0.5 to 12 


2 to 7 


0.5-12 


2-7 


2 to 7 


0.3 to 7.0 




SnOj 


Oto 1 


Oto 1 


Oto 1 


Oto 1 


Oto 1 


Oto 1 


30 


Sbj03 


Oto 1 


Oto 1 


Oto 1 


Oto 1 


Oto 1 


Oto 1 




YA 


Oto 3 


Oto 3 


Oto 3 


Oto 3 


Oto 3 


Oto 3 




CeOj 


Oto 1 


Oto 1 


Oto 1 


Oto 1 


Oto 1 


Oto 1 




EU2O3 


Oto 1 


Oto 1 


Oto 1 


Oto 1 


Oto 1 


Oto 1 




Tb.O, 


Oto 1 


Oto 1 


Oto 1 


Oto 1 


Oto 1 


Oto 1 


35 


NbPs 


Oto 2 


Oto 2 


Oto 2 


Oto 2 


Oto 2 


Oto 2 




TaA 


Oto 2 


Oto 2 


Oto 2 


Oto 2 


Oto 2 


0,5 to 8.0 



The compositions in Table 1 are melted at about 1200'' to about 1600°C and 
preferably in the range of about 1300° to about MOOT for a period of time, 
40 preferably for about 4 hours and thereafter quenched (e.g., water quenched or roller 
quenched), cast into steel molds, or alternately, cooled to the crystallization 
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temperature. If the melt is cooled to the crystallization temperature, it may remain in 
the same fiiraace. 

The resulting glass is heat-treated to form glass-ceramics using a one or a two 
step heat-treatment cycle preferably in the temperature range of about 400"* to about 

5 1 lOO'^C. This crystallization heat-treatment may comprise a nucleation step and a 
crystal growth step. Depending on the composition, the first, nucleation step, may be 
carried out in the range of about 450''C to about 700'*C and preferably in the range of 
about SOO^'C to about eSO^'C for about 0.5 to about 4 hours and the second, crystal 
growth step, may be carried out in the range of about SOO'^C to about lOOOX and 

10 preferably in the range of about 830^C to about 930^*0 for about 0.5 to about 48 hours. 
The most preferable heat treatment comprises about a one hour soak at about 645 
and a subsequent four hour soak at about SSO^C. 

The glass ceramics comprise lithium disilicate. The resulting glass ceramics 
are then pulverized into powder sieved to -200 mesh to provide powder with average 

15 particle sizes of about 30 to about 40 microns. Pigments, fluorescing agents, 

opacifying agents, and the like may be added to the powder in a wide range in an 
amount between about 0 and about 6 wt% and preferably in the amount of between 
about 0 and about 5 wt% and most preferably in the amount of about 0% to about 3 
wt%. Moreover, reinforcing agents may be added to the powder in an amount of from 

20 about 0 to about 30 vol % and more preferably in an amount of from about 0 to about 
20 vol %. The reinforcing agents may include fibers, whiskers, and particulate fillers 
and may be fabricated of any known material, preferably a glass or ceramic material. 

The powders may be used to form and fiise pressable pellets and/or blanks of 
desired shapes, sizes and structures. These pellets and blanks may be used for pressing 

25 cores or other frameworks or shapes for dental restorations. The blank or pellet may 
be subjected to viscous deformation at a temperature in the range of about 800** to 
about 1200°C, and more preferably in the range of about 850*" to about 950°C, and 
most preferably at less than about 930 °C, under vacuum and with the application of 
pressure of between about 2 to about 8 bar (0.2 - 0.8 MPa) and preferably no greater 

30 than about 6 bar (0.6 MPa) to obtain a dental restoration. Moreover, it is possible that 
the blanks may be machined to a dental restoration of desired geometry using 
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commercially available milling equipment such as the Maho HGF 500 5 Axis CNC 
Milling Machine available from Fraunhofer Institut Produktionstechnoiogie, 
Germany. 

In an alternative method herein, the compositions in Table 1 are melted at * 

5 about 1200° to about leOO^'C and preferably in the range of about 1300° to about 
1400°C for a period of time, preferably for about 4 hours and thereafter water 
quenched or cast into steel molds. 

The quenched glass is conuninuted to a powder. Pigments, fluorescing agents, 
opacifying agents, and the like may be added to the powder in a wide range in an 

10 ' amount between about 0 and about 6 wt% and preferably in the amount of between 
about 0 and about 5 wt% and most preferably in the amount of about 0% to about 3 
wt%. Moreover, reinforcing agents may be added to the powder in an amount of from 
about 0 to about 30 vol % and more preferably in an amount of from about 0 to about 
20 vol %. The reinforcing agents may include fibers, whiskers, and particulate fillers 

15 and may be fabricated of any known material, preferably a ceramic material. 

The powder is compacted into a pellet or starting blank. The blank is 
thereafter simultaneously sintered and crystallized. Heat treatment may be one or 
more cycles in the temperature range of about 400"" to about 1 100°C. The 
crystallization may comprise a nucleation step and a crystal grov^h step. Depending 

20 on the composition, the first, nucleation step, may be carried out in the range of about 
450**C to about 700**C and preferably in the range of about 500°C to about 650X for 
about 0.5 to about 4 hours and the second, crystal growth step, may be carried out in 
the range of about 800°C to about 1000°C and preferably in the range of about 830°C 
to about 930°C for about 0.5 to about 48 hours. The most preferable heat treatment 

25 comprises about a one hour soak at about 645 °C and a subsequent four hour soak at 
about 850°C. 

The blank or pellet may be subjected to viscous deformation at a temperature 
in the range of about 800° to about 1200°C, and more preferably in the range of about 
850° to about 950°C, and most preferably at less than about 930°C, under vacuum 
30 and with the application of pressure of about between about 2 to about 8 bar (0.2 - 0.8 
MPa) and preferably no greater than 6 bar (0.6 MPa) to obtain a dental restoration. 
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Moreover, it is possible that the blanks may be machined to a dental restoration of 
desired geometry. 

To achieve the required combination of properties, namely sufficient strength, 
formability below 950°C, by heat-pressing using commercially available dental 

5 presses such as the Autopress® Plus available from Jeneric/Pentron, Wallingford, CT, 
translucency and chemical durability, the optimal chemical combinations and 
crystallization treatment of the present invention are necessary. The best properties 
are obtained when the lithium metasilicate (LijSiOj) and silica phases are nearly 
absent, the volume fraction of Li3P04 is less than about 5% and the volume fraction of 

10 lithium disihcate (Li2Si205) is between about 35% and about 60%. High aspect ratio 
morphology of the lithium disilicate phase is important and is believed to enhance 
mechanical properties, i.e., strength and fracture toughness of the glass-ceramic. 

LijO and SiOj are instrumental in crystallizing the required amount of the 
lithium dislicate phase in the compositions of the present invention. Additionally, 

15 BaO and CS2O stabilize the residual glass and boost the refractive index of the 

residual glass to match that of lithium disilicate. AI2O3 and to a lesser extent, B2O3, if 
less than 3%, yield chemically durable glass-ceramics that exhibit a sufficiently low 
solubility. Alkali (Na, K, Cs) and alkaline earth metal (Ca, Ba) oxides are required to 
lower processing temperatures of the glass-ceramic. However some of them affect 

20 chemical durability more than others. With respect to the following group of alkali 
metals and alkaline earth metals of potassium, calcium, sodium, and barium; 
potassium is associated with the smallest decrease in chemical durability of lithium 
containing glasses, with calcium being next, and sodium and barium affecting 
chemical durability the most. However, the best combination of properties is achieved 

25 when those oxides are used in combination to achieve the so-called "mixed alkali 
effect." F lowers the viscosity of the glass-matrix and enhances formability at 
temperatures below about 950**C. Y2O3 in combination with CejOj, EUjOj and Tb407 
modify the refractive index as well as impart fluorescence. NbzOj and Ta^Oj modify 
the refractive index as well as aid nucleation and chemical durability of the resulting 

30 glass ceramics. 
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The following Table 2 illustrates examples of the compositions of the 
invention. 
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The following examples illustrate the invention. 

Examples 

Glass-ceramic compositions of the present invention were utilized to make glass- 
5 ceramic pellets. These pellets were used to make rectangular bars and rods for measuring 
the flexural strength by heat-pressing these pellets into the cavity of the refractory 
investment mold. The process was the same as that used to make dental restorations. The 
three-point flexure strength was greater or equal to 300 MPa. This strength is sufficient 
for multi-unit restorations such as anterior bridges. The compositions have a significant 
10 amount of glass phase, i.e., approximately 50% glass phase which enhances the 
pressability thereof. 

Moreover, the closeness of refractive indices of the matrix glass ( --1 .5) and that 
of the crystallized phase - lithium disilicate - (-1 .55) allows for the possibility of 
translucent glass-ceramics. Specifically in the present invention, the refractive index of 

15 the glass matrix is increased to match that of the lithium disilicate phase by adding small 
amounts of heavy ions such as, but not limited to, Sr, Y, Nb, Cs, Ba, Ta, Ce, Eu and Tb. 

The following examples in Table 3 illustrate the effect of different additions on 
translucency, strength and reactivity with investment of the resulting glass ceramics. The 
composition of Example 1 1 (Table 2) was selected as a control composition for the 

20 purposes of this study. This composition was modified by adding 0.13 mole% of CeOj, or 
0.06 mole% of Tb407, or 0.26 mole% of Ta205, or La^Oj, or Y2O3; and combinations of 
the latter with CeOz- Opacity was measured on the pressed disk using an optical 
densitometer. Reactivity with investment was evaluated qualitatively by visual 
inspection of disks and copings prior to and after sand-blasting of the reaction layer. 

25 Surfaces of the disks were inspected for pittings under low-magnification (8x) 

stereomicroscope. Compositions comprising combinations of TajOj, and CeOj were 
found to have the best combination of high translucency (low opacity) and low reactivity 
with the investment. 
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Table 3 



10 



15 



20 



25 



30 



35 



40 



Ex.n 


Ex.16 


Ex.17 


Ex.18 


Ex.19 


Ex. 20 


Ex. 


Ex. 22 


tX.I3* 


Ex.23 


68.8 


68.12 


68.S 


68.2 


67.5 


67.8 


67.9 


AO n 
Oo.U 


O/.Z 


O/.J 


1.3 


1.2 


1.2 


1.2 


1.2 


1.2 


1.2 


1.2 


1.2 


1.2 


4.8 


4.7 


4.8 


4.7 


4.7 


4.7 


4.7 


4.7 


4.7 


4.7 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


2.8 


2.7 


2.8 


2.7 


2,7 


2.7 


2.7 


2.7 


2.7 


2.7 


14.4 


14.3 


14.3 


14.3 


14.1 


14.2 


14.2 


14.2 


14.1 


14.1 


2.2 


2.2 


2.2 


2.2 


2.2 


2.2 


2.2 


2.2 


2.2 


2.2 


1.5 


1.4 


1.5 


1.4 


1.4 


1.4 


1.4 


1.4 


1.4 


1.4 


3.3 


3.3 


3.3 


3.3 


3.3 


3.3 


3.3 


3.3 


3.2 


3.3 




1.04 










1.04 












0.39 








0.39 


0.39 


0.39 


0.39 








0.85 








0.85 














2.02 








2.01 














1.5 








1.49 



Oxide, wt% 

SiO, 

AKO, 
Cab 
BaO 
LuO 
KX> 
Na,0 

?A 
Y,0, 
CeO, 
Tb,d, 

La203 

3-pt Flexure 
Strength per 
ISO 6872, MPa 
As-Pressed Rod 
3-pi Flexure 
Strength, MPa 
As-pressed 
Opacity 
(relative 
opacity units) 
Reactivity with 
investment 
nrtaterial 

♦Correspond to compositions in Table 2 



420+60 
370+40 

42 



440+60 



370+30 



35 



39 



Medium Lower 



37 



Highc 
r 



27 



25 



Medium Higher 



31 



Lowe 
r 



32 



Medium 



25 



24 



Lower The 
Highest 



Pellets of the compositions of Examples 2, 1 1, 13 and 14 were used to press a 
variety of dental articles in the AutoPress® dental press (Jeneric/Pentron, Wallingford, 
CT) at pressing cycles carried out under vacuum and involving heating from 700^*0 to 
920 ""C and holding the temperature for 20 minutes prior to initiation of the pressing 
cycle. Pressure of 0.5 MPa was applied for 7 minutes through a mold-plunger assembly 
schematically shown in Figure 1. The plunger assembly used to press the pellets into 
dental restorations may be the system set forth in copending commonly assigned 
application Serial No. 09/431,659, filed November 1, 1999, which is hereby incorporated 
by reference. Disks of compositions of examples 1 1 and 13 were pressed as described 
above and chemical solubility was measured according to ISO 6872 and found to be 
significantly lower than the acceptable limit of 100 ug/cm^ 

The glass-ceramics of the present invention have the capability to be pressed into 
a single or multi-unit dental restorations at temperatures below about 950'*C using already 



wo 00/34196 PCT/US99/29260 

14 

existing, commercially available equipment such as the Autopress®available from 
Jeneric/Pentron, WaUingford, CT. Pressability or ability to flow and be pressed into 
complex shapes of dental restorations at these temperatures is achieved due to the 
presence of a sufficient amount of the residual glass in the resulting glass-ceramic, in the 

5 range of about 15%-60% by volume. The glass-ceramics of the present invention have 
the capability to be shaded by admixing pigments to the glass-ceramic powder by 
methods commonly used for dental porcelains. 

As will be appreciated, the present invention provides a simple and effective 
method for producing lithium disilicate glass-ceramic compositions and dental 

10 restorations therefrom. While various descriptions of the present invention are described 
above, it should be understood that the various features can be used singly or in any 
combination thereof Therefore, this invention is not to be limited to only the specifically 
preferred embodiments depicted herein. 

Further, it should be understood that variations and modifications within the spirit 

15 and scope of the invention may occur to those skilled in the art to which the invention 

pertains. Accordingly, all expedient modifications readily attainable by one versed in the 
art from the disclosure set forth herein that are within the scope and spirit of the present 
invention are to be included as further embodiments of the present invention. The scope 
of the present invention is accordingly defined as set forth in the appended claims. 



20 
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1 . A glass-ceramic composition comprising in weight percent: 
about 62 to about 85% SiOj ; 
about 1.5 to about 10% AljOj; 
about 8 to about 19% LijO; 
5 about 2.5 to about 7% KjO; and 

about 0.5 to about 12 % P2O5. 



2. The glass-ceramic composition of claim 1 whereby the glass- 
ceramic is pressable. 
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3 . The glass-ceramic composition of claim 1 further comprising in 

weight percent: 

up to about 4.9% B2O3; 
up to about 1.5% F; 
5 up to about 5% ZnO; 

up to about 7% CaO; 
up to about 2% MgO; 
up to about 7% BaO; 
up to about 1 % SrO; 
up to about 5% CsjO; 
up to about 5% Na20; 
up to about 2% Ti02; 
up to about 3% ZrOj; 
up to about 1% Sn02; 
15 up to about 1 % SbjOj; 

uptoabout3%Y203; 
up to about l%Ce02; 
uptoabout 1%EU203; 
up to about 1% Thfij'j 
20 up to about 2% Nb205; a^d 

uptoabout 2% 18205. 



10 



4. A dental restoration comprising the glass-ceramic of claim 
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5. A method of making a lithium disilicate dental restoration 
comprising: 

melting a starting glass composition at temperatures within the range of about 
1200 to about 1600°C; 
5 quenching the glass melt; 

subjecting the quenched glass to one or more heat treatments in the 
temperature range of from about 400® to about 1 1 00°C to convert the glass into a 
glass-ceramic; 

comminuting the glass ceramic to a powder; 
IQ compacting the powder to a starting blank; 

sintering the blank; and 
pressing the blank into the dental restoration. 



6. A method of making a lithium disilicate dental product 
comprising: 

melting a starting glass composition at temperatures within the range of 
about 1200 to about 1600X; 
5 quenching the glass melt; 

subjecting the quenched glass to one or more heat treatments in the 
temperature range of from about 400° to about UOO^C to convert the glass into a 
glass-ceramic; 

comminuting the glass ceramic to a powder; 
compacting the powder to a starting blank; and 
sintering the blank. 

7. The method of claim 6 wherein the blank is manufactured to a 
desired shape and structure. 
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8. The method of claim 6 wherein the blank is sintered to full density. 

9. The method of claim 6 wherein crystallization of lithium disilicate 
is effected in the glass after the quenching step. 

10. The method of claim 6 wherein the powder is sieved to the 
required mesh size prior to the compacting step. 

1 1 . The method of claim 6 further including adding additives to the 
powder prior to the compacting step. 

12. The method of claim 1 1 wherein the additives comprise pigments, 
fluorescing agents, opacifying agents. 

13. The method of claim 12 wherein the additives comprise reinforcing 

agents. 

14. The method of claim 13 wherein the reinforcing agents comprise 
one of fibers, whiskers, particles and mixtures thereof. 

15. The method of claim 13 wherein the reinforcing agents are 
fabricated of ceramic material. 

16. The method of claim 6 wherein the sintering of the starting blank 
comprises heating to a temperature in the range of about 800° to about lOOO^C. 

17. The method of claim 6 wherein the sintering of the starting blank 
comprises heating to a temperature in the range of about 850° to about 950°C. 
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18. The method of claim 6 wherein the sintered starting blank is 
subjected to viscous deformation at a temperature in the range of from about 850° 
to about 950°C under vacuum and at a pressure not exceeding about 6 bar to 
obtained the desired shape. 

1 9. The method of claim 6 wherein the sintered blank is machined to a 
dental restoration of desired shape. 

20. The method of claim 6 wherein the dental product is a dental core 
and is provided with one or more coatings. 

21 . The method of claim 20 wherein the one or more coatings is 
selected from a ceramic, a sintered ceramic, a glass ceramic, a porcelain, a glass, a 
glaze, a composite and mixtures thereof 

22. The method of claim 20 wherein the one or more coatings has a 
firing temperature in the range of about 700° to about 900°C and a coefficent of 
thermal expansion (measured from room temperature to its transition temperature) 
of within about ± 2.0 x lO V ""C of the dental product (measured at the same 

5 temperature range). 

23. The dental restoration of claim 4 formed into a component selected 
from orthodontic appliances, bridges, space maintainors, tooth replacement 
appliances, splints, crowns, partial crowns, dentures, posts, teeth, jackets, inlays, 
onlays, facing, veneers, facets, implants, abutments, cylinders, and connector. 

24. A blank for the manufacture of a dental restoration comprising the 
glass ceramic of claim 1. 
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25. The method of claim 6 wherein the glass-ceramic comprises in 
weight percent: 

about 62 to about 85% SiOz ; 

about 1.5 to about 10% Al^O^; 
5 about 8 to about 19% Lifi; 

about 2.5 to about 7% KjO; and 

about 0.5 to about 12 % PjOj. 
26. The method of claim 25 wherein the glass-ceramic further comprises in 
weight percent: 

up to about 4.9% B2O3; 

up to about 1.5% F; 
5 • up to about 5% ZnO; 

up to about 7% CaO; 

up to about 2% MgO; 

up to about 7% BaO; 

up to about 1% SrO; 
10 up to about 5% CsjO; 

up to about 5% Na^O; 

up to about 2% TiOj; 

up to about 3% ZrOj; 

up to about 1% SnOj; 
15 uptoabout l%Sb203; 

up to about 1% SbjOj; 

up to about 3% Y2O3; 

up to about 1 % CeOz; 

up to about 1% EU2O3; 
20 up to about 1% Tb207; 

up to about 2% NbjOj; and 

up to about 2% Ta205. 
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27. A method of making a lithium disihcate dental product 
comprising: 

melting a starting glass comprising a composition at temperatures within 
the range of about 1200 to about 1600^C; 
5 cooling the glass melt to the crystallization temperature to form a glass- 

ceramic; 

quenching the glass-ceramic; 
comminuting the glass ceramic to a powder; 
compacting the powder to a starting blank; and 
10 sintering the blank. 

28. The method of claim 27 wherein the sintering imparts sufficient 
strength for further handling of the blank. 

29. The method of claim 27 wherein the powder is sieved to the 
required mesh size prior to the compacting step. 

30. The method of claim 27 further including adding additives to the 
powder prior to the compacting step. 

3 1 . The method of claim 30 wherein the additives comprise pigments, 
fluorescing agents, opacifying agents. 

32. The method of claim 30 wherein the additives comprise reinforcing 

agents. 

33. The method of claim 32 wherein the reinforcing agents comprise 
one of fibers, whiskers, particles and mixtures thereof. 
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34. The method of claim 32 wherein the reinforcing agents are 
fabricated of ceramic material. 

35. The method of claim 27 wherein the sintering of the starting blank 
comprises heating to a temperature in the range of about 800 to about 1000°C. 

36. The method of claim 27 wherein the sintering of the starting blank 
comprises heating to a temperature in the range of about 850 to about 950°C. 

37. The method of claim 27 wherein the sintered starting blank is 
subjected to viscous deformation at a temperature in the range of from about 850 
to about 950°C under vacuum and at a pressure not exceeding about 7 bar to 
obtained the desired shape. 

38. The method of claim 27 wherein the sintered blank is machined to 
a dental restoration of desired shape. 

39. The method of claim 27 wherein the dental product is a core and is 
provided with one or more coatings. 

40. The method of claim 39 wherein the one or more coatings is 
selected from a ceramic, a sintered ceramic, a glass ceramic, a porcelain, a glass, a 
glaze, a composite and mixtures thereof. 

41 . The method of claim 39 wherein the one or more coatings has a 
firing temperature in the range of about 700 to about 900°C and a coefFicent of 
thermal expansion (measured from room temperature to its transition temperature) 
of within about ± 2.0 x lO'V °C of the dental product (measured at the same 

5 temperature range). 
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42. The method of claim 39 wherein the glass-ceramic comprises in 
percent: 

about 62 to about 85% SiOj ; 
about 1 .5 to about 1 0% AljOj; 
about 8 to about 19% Li^O; 
about 2.5 to about 7% KjO; and 
about 0.5 to about 12 % PjOj. 

43. A glass-ceramic composition comprising in weight percent: 
about 64 to about 70% SiOj ; 
about 1.5 to about 6 AljOj; 
about 10 to about 15% LijO; 
about 2.5 to about 5% KjO; and 
about 2 to about 7 % P2O5. 

44. The glass-ceramic composition of claim 43 whereby the glass- 
ceramic is pressable. 



WO 00/34196 



weight 
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45. The glass-ceramic composition of claim 43 further comprising in 
weight percent: 

up to about 1.5% F; 

up to about 7% BaO; 
5 uptoabout l%SrO; 

up to about 5% CsjO; 

up to about 2.7% B2O3; 

up to about 2% ZnO; 

up to about 0.9% CaO; 
10 up to about 2% MgO; 

up to about 3% Na^O; 

up to about 2% TiOj; 

up to about 3% ZrOj; 

up to about 1% Sn02; 
15 up to about 1% Sb203; 

up to about 3% Y2O3; 

up to about 1% CeOj; 

up to about 1% EU2O3; 

up to about 1% Tb407; 
20 up to about 2% NbjOj; and 

up to about 2% TasOs. 



46. A dental restoration comprising the glass-ceramic of claim 43. 
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47. A method of making a lithium disihcate dental restoration 
comprising: 

melting a starting glass composition comprising in weight percent 
about 64 to about 70% Si02 ; 
5 about 1 .5 to about 6 AI2O3; 

about 10 to about 15% LijO; 
about 2.5 to about 5% K2O; and 

about 2 to about 7 % P2O5; at temperatures within the range of about 
1200** to about 1600*^0; 
10 quenching the glass melt; 

subjecting the quenched glass to one or more heat treatments in the 
temperature range of from about 400'' to about 1 100°C to convert the glass into a 
glass-ceramic; 

comminuting the glass ceramic to a powder; 
15 compacting the powder to a starting blank; 

sintering the blank; and 

pressing the blank into the dental restoration. 



48. A glass-ceramic composition comprising in weight percent: 
about 62 to about 85% SiOj ; 

about 5.1 to about 10 AI2O3; 
about 8 to about 19% LijO; and 
5 about 0.5 to about 12 % P2O5. 

49. The glass-ceramic composition of claim 48 whereby the glass- 
ceramic is pressable. 
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50. The glass-ceramic composition of claim 48 further comprising in 
weight percent: 





Up to about 7% KjO; 




up to about 1.5% F; 


5 


up to about 7% BaO; 




up to about 1% SrU; 




up to about 5% CsjO; 




up to about 4.9% B2O3; 




up to about 5% ZnO; 


10 


up to about 7% CaO; 




up to about 2% MgO; 




up to about 5% Na20; 




up to about 2% T1O2; 




up to about 3% ZrOj; 




up to about 1% SnOj; 




up to about l%Sb203; 




up to about 3% Y2O3; 




up to about l%Ce02; 




up to about 1% EU2O3; 


20 


up to about l%Tb407; 




up to about 2% Nb205; \ 




up to about 2% TajOs. 



51. A dental restoration comprising the glass-ceramic of claim 48. 
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52. A method of making a lithium disihcate dental restoration 
comprising: 

melting a starting glass composition comprising in weight percent 
about 62 to about 85% SiOj ; 
5 about 5 . 1 to about 1 0 AljO^; 

about 8 to about 19% LijO; and 

about 0.5 to about 12 % P2O5; at temperatures within the range of about 
1200^ to about 1600°C; 

quenching the glass melt; 
10 subjecting the quenched glass to one or more heat treatments in the 

temperature range of from about 400° to about 1 100°C to convert the glass into a 
glass-ceramic; 

comminuting the glass ceramic to a powder; 

compacting the powder to a starting blank; 
15 sintering the blank; and 

pressing the blank into the dental restoration. 



53. A glass-ceramic composition comprising in weight percent: 
about 64 to about 70% Si02 ; 

about 5.2 to about 9 AI2O3; 
aboutlO to about 15% LijO; and 
5 about 2 to about 7 % P2O5. 

54. The glass-ceramic composition of claim 53 whereby the glass- 
ceramic is pressable. 
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55. The glass-ceramic composition of claim 53 further comprising in 
weight percent: 

up to about 1.5% F; 

up to about 7% BaO; 
5 uptoabout l%SrO; 

up to about 5% CsjO; 

up to about 5% KjO; 

up to about 2.7% B2O3; 

up to about 2% ZnO; 
10 up to about 0.9% CaO; 

up to about 2% MgO; 

up to about 3% Na20; 

up to about 2% TiOj; 

up to about 3% ZrOi; 
3^5 up to about 1% SnOj; 

up to about l%Sb203; 

up to about 3% Y2O3; 

up to about 1% CeOj', 

up to about 1% EU2O3; 
20 up to about 1% Tb407; 

up to about 2% NbjOj; and 

up to about 2% TajOj. 



56. 



A dental restoration comprising the glass-ceramic of claim 53. 
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57. A method of making a lithium disihcate dental restoration 
comprising: 

melting a starting glass composition comprising in weight percent 
about 64 to about 70% SiOj ; 
5 about 5.2 to about 9 AljO,; 

about 10 to about 15% Li^O; and 

about 2 to about 7 % PjOj; at temperatures within the range of about 
1200** to about 1600°C; 

quenching the glass melt; 
10 subjecting the quenched glass to one or more heat treatments in the 

temperature range of from about 400° to about 1 100°C to convert the glass into a 
glass-ceramic; 

comminuting the glass ceramic to a powder; 

compacting the powder to a starting blank; 

sintering the blank; and 

pressing the blank into the dental restoration. 



58. A glass-ceramic composition comprising in weight percent: 
about 64 to about 70% SiOjl 
about 1.5 to about 6 AI2O3; 
about 10 to about 15% LijO; 
5 about 2 to about 7 % P2O5; 

about 2.2 to about 5% KjO; 
about 0.5 to about 3% NajO; and 
about 0.5 to about 3% B2O3. 



59. The glass-ceramic composition of claim 58 whereby the glass- 
ceramic is pressable. 



wo 00/34196 PCT/US99/29260 

30 

60. The glass-ceramic composition of claim 58 fiirther comprising in 
weight percent: 

up to about 1.5% F; 

up to about 7% BaO; 
5 up toabout l%SrO; 

up to about 5% CsjO; 

up to about 0.9% CaO; 

up to about 2% TiOj; 

up to about 3% ZrOj; 
10 up to about 1% SnOj; 

up to about l%Sb203; 

up to about 3% Y2O3; 

up to about 1% Ce02; 

up to about 1% EU2O3; 
15 up toabout l%Tb407; 

up to about 2% NbjOj; and 

up to about 2% TajOj. 



61. 



A dental restoration comprising the glass-ceramic of claim 58. 
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62. A method of making a lithium disilicate dental restoration 
comprising: 

melting a starting glass composition comprising in weight percent 
about 64 to about 70% SiO^, 



about 10 to about 15% LizO; 
about 2 to about 7 % PjOj; 
about 2.2 to about 5% K2O; 
about 0.5 to about 3% Na^O; and 

about 0.5 to about 3% B2O3; at temperatures within the range of about 
1200° to about 1600°C; 

quenching the glass melt; 

subjecting the quenched glass to one or more heat treatments in the 
temperature range of from about 400 to about 1 100°C to convert the glass into a 



comminuting the glass ceramic to a powder; 
compacting the powder to a starting blank; 
sintering the blank; and 
pressing the blank into the dental restoration. 

63 . A glass-ceramic composition comprising in weight percent: 
about 62 to about 76% SiOj; 
about 1.5 to about 10 AI2O3; 
about 8 to about 19% LijO; 



5 



about 1.5 to about 6 AI2O3; 



15 



glass-ceramic; 



5 



about .3 to about 7% P2O5; and 
about .5 to about 8% Ta205, 



64. The glass-ceramic composition of claim 63 whereby the glass- 
ceramic is pressable. 
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65. The glass-ceramic composition of claim 63 further comprising in 





weight percent: 




up to abput 5% B2O3. 




up to about 5% NajO; 


5 


up to about 7% K2O; 




up to about 1.5% F; 




up to about 5% ZnO; 




up to about 2% MgO; 




up to about 7% BaO; 


10 


up to about 1% SrO; 




up to about 5% CsjO; 




up to about 7% CaO; 




up to about 2% Ti02; 




up to about 3% Zr02; 


15 


up to about 1% SnOz; 




up to about 1% SbjOj; 




up to about 3% Y2O3; 




up to about 1% CeOj; 




up to about 1% EU2O3; 


20 


up to about 1% Th^Oy', 




up to about 2% NbzOj. 



66. 



A dental restoration comprising the glass-ceramic of claim 63. 
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67. A method of making a dental restoration comprising: 
melting a starting glass composition comprising in weight percent 
about 62 to about 76% SiOji 
about 1.5 to about 10 AI2O3; 
5 about 8 to about 19% LijO; 

about .3 to about 7% P2O5; and 

about .5 to about 8% Ta^Oj; at temperatures within the range of about 
1200° to about 1600*^0; 

quenching the glass melt; 
10 subjecting the quenched glass to one or more heat treatments in the 

temperature range of from about 400° to about 1 100°C to convert the glass into a 

glass-ceramic; 

comminuting the glass ceramic to a powder; 
compacting the powder to a starting blank; 
sintering the blank; and 
pressing the blank into the dental restoration. 



68. A glass-ceramic composition comprising in weight percent: 

about 68.8% SiOj; 

about L3%B203; 

about 4.8% AI2O3; 

about 1,0% CaO; 

about 2.8% BaO; 

about 14.4% LijO; 

about 2.2 % K2O; 

about 1.5%Na20; and 

about 3.3% P2O5. 
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69. The glass-ceramic of claim 68 having a flexural strength of equal 
to or greater than about 420 MPa. 

70. The glass-ceramic composition of claim 68 whereby the glass- 
ceramic is pressable. 

71 . A dental restoration comprising the glass-ceramic of claim 68. 



72. A method of making a dental restoration comprising: 

mehing a starting glass composition comprising in weight percent 

about 68.8% SiOj; 

about 1.3% B2O3; 

about 4.8% AI2O3; 

about 1.0% CaO; 

about 2.8% BaO; 

about 14.4% Li20; 

about 2.2 % K2O; 

about 1.5%Na20; and 

about 3.3% P2O5; at temperatures within the range of about 1200° to about 
1600X; 

quenching the glass melt; 

subjecting the quenched glass to one or more heat treatments in the 
temperature range of from about 400° to about 1100°C to convert the glass into a 
glass-ceramic; 

comminuting the glass ceramic to a powder; 
compacting the powder to a starting blank; 
sintering the blank; and 
pressing the blank into the dental restoration. 
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73. A glass-ceramic composition comprising in weight percent: 

about 67.2% SiOji 

about 1.2% B2O3; 

about 4.7% AI2O3; 
5 about 1.0% CaO; 

about 2.7% BaO; 

about 14.1% LijO; 

about 2.2 % K2O; 

about 1.4% NajO; 
10 about 3.2% PA; 

about 0.4% Ce02; and 

about 2% TajOj. 



74. The glass-ceramic of claim 73 having a flexural strength of equal 
to or greater than about 440 MPa. 

75. The glass-ceramic composition of claim 73 whereby the glass- 
ceramic is pressable. 



76. 



A dental restoration comprising the glass-ceramic of claim 73. 
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77. A method of making a dental restoration comprising; 

melting a starting glass composition comprising in weight percent 

about 68.8% SiOj; 

about 1.3% B2O3; 
5 about 4.8% AI2O3; 

about 1.0% CaO; 

about 2.8% BaO; 

about 14.4% LijO; 

about 2.2 %K20; 
10 about 1 .5% Na20; and 

about 3.3% P2O5; at temperatures within the range of about 1200° to about 
1600"C; 

quenching the glass melt; 

subjecting the quenched glass to one or more heat treatments in the 
15 temperature range of from about 400 to about 1 100°C to convert the glass into a 

glass-ceramic; 

comminuting the glass ceramic to a powder; 
compacting the powder to a starting blank; 
sintering the blank; and 
20 pressing the blank into the dental restoration. 
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1.1. Claims: 1-4,23-26,42-47.58-62.68-77 ^ 
Glass-ceramics comprising specified amounts of Si 02, 
Li 20. A1203. K20 and P205. and methods for their 
production. 



1.2. Claims: 48-57 

Glass-ceramics comprising specified amounts of Si02, 
Li2G. A1203 and P205, and methods for their production. 



1.3. Claims: 63-67 

Glass-ceramics comprising specified amounts of Si02, 
Li 20, A1203, P205 and Ta205, and methods for their 
production. 



2. Claims: 5-22,27-41 



Methods for the production of lithium disilicate glass 
ceramic products 
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